Background: Kidney damage can be caused by many factors, such as using certain drugs in high doses or over the long term. The use of one such group of drugs, aminoglycosides, which act as Gram-negative antibacterial therapeutic agents, can lead to nephrotoxicity. It has been hypothesized that aminoglycoside-induced nephrotoxicity might be prevented by using pentoxifylline, which has antioxidant and anti-inflammatory effects and improves microcirculation. The objective of this present research was to determine the protective effects of pentoxifylline on kanamycin-induced kidney damage. Materials, Methods & Results: Thirty-two male Wistar rats were divided into four groups as follows: control, pentoxifylline, kanamycin, and kanamycin + pentoxifylline. The control group received intraperitoneal (IP) injections of 0.5 mL normal saline solution once a day (d) (SID) for 20 d; the pentoxifylline group received IP injections of 50 mg/kg pentoxifylline twice a day (BID) for 20 d, the kanamycin group received subcutaneous (SC) injections of 500 mg/kg kanamycin SID for 20 d, and the kanamycin + pentoxifylline group received both SC injections of 500 mg/kg kanamycin SID and IP injections of 50 mg/kg pentoxifylline BID for 20 d. At the end of 20 d, blood samples were taken from the heart by cardiac puncture under general anesthesia. After euthanizing the rats by cervical dislocation under anesthesia, the kidneys were immediately removed, relative kidney weights were calculated, and routine pathologic evaluations were conducted. Hemogram parameters were measured using a blood cell count apparatus and serum biochemical parameters were measured using an autoanalyzer. Kanamycin also caused (P < 0.05) tubular degeneration and tubular dilatation. Although pentoxifylline significantly reduced the level of kanamycin-induced tubular degeneration (P < 0.05), it did not significantly reduce tubular dilatation. Increases in relative kidney weights (P < 0.05) and in interstitial mononuclear cell (MNC) infiltrates were observed in the kanamycin and kanamycin + pentoxifylline groups compared to those in the control and pentoxifylline groups. Statistically significant changes were determined in the levels of some hemogram and biochemical parameters within reference ranges (P < 0.05). Discussion: In this study, both tubular degeneration and dilatation were observed in the kanamycin group. Pentoxifylline inhibited (P < 0.05) kanamycin-induced tubular degeneration and appeared to also reduce tubular dilatation, although this reduction was not significant. Tubular necrosis, epithelial edema of proximal tubules, tubular fibrosis, and perivascular inflammation might also be observed in aminoglycoside-induced nephrotoxicity. In current research, pentoxifylline prevented tubular damage induced by kanamycin, but did not inhibit infiltration by MNCs. Pentoxifylline also ameliorated amikacin-or gentamycin-induced histopathologic changes, especially those associated with tubular structures. The protective effects of pentoxifylline on kanamycin-induced tubular nephrotoxicity in this research might be a result of its stimulating the production of prostaglandin, a vasodilator, and of its improving microcirculation. Although the anti-inflammatory effects of pentoxifylline have been reported, these did not inhibit kanamycin-induced infiltration by interstitial MNCs in the present study. These results could indicate that the anti-inflammatory effects of pentoxifylline are not obvious and/or are dose dependent. Statistically significantly changes were determined in the levels of some hemogram and biochemical parameters in reference ranges. However, these changes were within the reference ranges for rats. These results suggested that kanamycin-induced tubular degeneration and dilatation might be prevented by administering pentoxifylline.
INTRODUCTION
Kanamycin is an aminoglycoside antibiotic. Aminoglycosides are widely used for treating severe infections caused by aerobic Gram-negative bacteria, such as Enterobacteriaceae and Pseudomonas spp. However, there are some serious side effects of these antibiotics, nephrotoxicity being the most common. Parenteral-administered aminoglycosides accumulate within the lysosomes, Golgi apparatus, and endoplasmic reticulum in the renal cortex; consequently, result in renal tubular dysfunction, the most common side effect, with the release of reactive oxygen species combined with cell apoptosis and necrosis [8, 9, 21] .
Pentoxifylline is a methylxanthine derivative and a nonspecific phosphodiesterase inhibitor. It is used mainly for treating peripheral vascular diseases by reducing blood viscosity; furthermore, pentoxifylline has many different pharmacologic uses as an anti-inflammatory, antioxidant, promoter of microcirculation, and inhibitor of platelet aggregation [6, 7, 9, 13, 15] . However, pentoxifylline's antioxidant effect is controversial and/or dose dependent [2, 26] . In addition, it has been reported that positive effects of this drug might be observed after using it to treat diabetic nephropathy and acute kidney injury [9, 15] . These positive effects might be the result of its stimulation of vasodilator prostaglandins. Some researchers have investigated the protective effects of pentoxifylline on aminoglycoside-induced nephrotoxicity [9] .
Taking into consideration the antioxidant, vasodilator, and renoprotective properties of pentoxifylline [2, 6, 7, 9, 15] , this study aimed to determine the effects of pentoxifylline in the prevention of kanamycin-induced nephrotoxicity in rats.
MATERIALS AND METHODS

Animals
In the current research, a total of 32 male Wistar rats (12-14 weeks old, 234.63 ± 2.68 g) were used. The study protocol was approved by Ethics Committee of Experimental Medicine Research and Application Centre of Selcuk University (SUDAM). During the experimental period, the rats were housed in standard rat cages and allowed water and food ad libitum. The rats were caged in a central facility under controlled conditions (12 h light/dark cycle and room temperature of 20ºC ± 2ºC) at SUDAM.
Experimental procedure
The 32 rats were randomly divided into 4 groups as follows: control (n = 6), pentoxifylline (n = 6), kanamycin (n = 10), and kanamycin + pentoxifylline (n = 10). The control group received an intraperitoneal (IP) injection of 0.5 mL normal saline solution once/d (SID) for 20 d, the pentoxifylline group received an IP injection of 50 mg/kg pentoxifylline twice/d (BID) for 20 d (Trental amp™) 1 [3] , the kanamycin group received a subcutaneous injection of 500 mg/kg kanamycin SID for 20 d (Kanovet enj sol™) 2 [14] , and the kanamycin + pentoxifylline group received an SC injection of 500 mg/ kg kanamycin SID for 20 d together with an IP injection of 50 mg/kg pentoxifylline BID for 20 d. At the end of the 20 d period, blood samples were taken from the heart by cardiac puncture under general anesthesia (60 mg/kg sodium thiopental, IP, Pental sodium) 3 . After the blood samples were taken, the rats were euthanized by cervical dislocation under general anesthesia. The kidney tissues were immediately collected after euthanasia, and stored at -80 o C until used.
Biochemical and hematological measurements
Serum biochemical parameters (urea, creatinine, AST, ALT, ALP, total protein, albumin, triglyceride, cholesterol, and total bilirubin) were measured on an autoanalyzer 4 , while hemogram parameters (WBC, RBC, platelet, hemoglobin, hematocrit) were measured using a blood cell count apparatus (BC-2800 Auto Hematology Analyzer) 5 .
Histopathological examination
A systematic necropsy was conducted on the euthanized rats. The kidneys were immediately removed, weighed, and preserved in 10% formalin and the relative kidney weight (RKW) was calculated. The imbedded samples were cut into 5-μm sections for routine histopathologic examination. The samples were stained with hematoxylin-eosin and evaluated using a light microscope. Lesions were scored as mild (+1), moderate (+2), and severe (+3).
Statistical analyses
Research data are presented as the mean ± standard error. Biochemical parameters, hemogram parameters, and RKW were analyzed using ANOVA and Duncan's post hoc test. The kidney damage scores were evaluated using the Mann-Whitney U test. SPSS 22.0 6 was used for all statistical analyses. P < 0.05 was considered statistically significant.
RESULTS
The kidney damage scores and RKWs are shown in Table 1; serum biochemical and hemogram  values are provided in Tables 2 and 3 , respectively. Macroscopic and histopathologic observations are presented in Figures 1 and 2 , respectively.
When the kidneys were macroscopically examined, enlarged, bulging, and pale kidneys were observed in the kanamycin group (Figure 1) , while normal kidneys were observed in all other groups. The observed tubular degeneration in the kanamycin group was statistically different (P < 0.05) from that in the control and kanamycin + pentoxifylline groups, while the observed tubular dilatation in the kanamycin group was statistically different (P < 0.05) from that in the control and pentoxifylline groups (Table 1, Figure 2 ). Pentoxifylline reduced kanamycin-induced tubular dilatation, although the change was not significant. Interstitial MNC infiltrates were observed in the kanamycin and kanamycin + pentoxifylline groups (Figure 2) , and kidney weights increased (P < 0.05) in these same groups relative to those in the control and pentoxifylline groups.
Creatinine, total protein, albumin, and cholesterol levels in the kanamycin + pentoxifylline group were statistically lower than other groups (P < 0.05, Table 2 ), and an increase in total bilirubin levels were observed in the kanamycin group relative to that in the control and kanamycin + pentoxifylline groups (P < 0.05, Table 2 ). In addition, triglyceride levels were lower (P < 0.05) in the kanamycin + pentoxifylline group than in the control group (Table 2) , and WBC, RBC, hemoglobin, and hematocrit levels were highest in the control group (P < 0.05). Statistically significant fluctuations were determined (P < 0.05) in platelet levels in all experimental groups (Table 3) . Different letters in the same line were statistically significant (P < 0.05). MNC: Mononuclear cell. 
DISCUSSION
The most common side effect of kanamycin is nephrotoxicity [2] [3] [4] [5] [6] [7] [8] [9] and the drug accumulates in the kidneys 10-50 times more than in the plasma. Although it has been reported that kidney damage occurred in 25-50% of patients, pentoxifylline might show a renoprotective effect in some diseases resulting from its vasodilator, antioxidant, and microcirculatory features [9, 11, 15, 22] .
In this study, no macroscopic and microscopic pathologies were observed in the control group (Table  1, Figures 1 & 2) . The RKWs increased (P < 0.05) in the kanamycin and kanamycin + pentoxifylline groups (Table 1, Figure 1 ). Both tubular degeneration and dilatation were observed in the kanamycin group. Pentoxifylline inhibited (P < 0.05) kanamycin-induced tubular degeneration and appeared to also reduce tubular dilatation, although this reduction was not significant (Table 1, Figure 2 ). Parameters for glomerular hypertrophy, an increase in glomerular mesangial cells, and enlargement in Bowman's space did not differ significantly between the kanamycin and kanamycin + pentoxifylline groups. Tubular necrosis, epithelial edema of proximal tubules, tubular fibrosis, and perivascular inflammation might also be observed in aminoglycoside-induced nephrotoxicity [9] . Pentoxifylline produces no histopathological changes or an induction of apoptosis in the kidneys [3] , while necrosis and apoptosis of tubular epithelial cells, tubular dilatation, increased connective tissue mass in some areas of the interstitium, an enlarged glomerulus or Bowman's capsule, neutrophil or MNC infiltrates, and hemorrhage in some areas of the interstitium have been reported in amikacin-or gentamycin-induced nephrotoxicity [3, 12, 16, 17] . In the current research, pentoxifylline prevented tubular damage induced by kanamycin, but did not inhibit infiltration by MNCs (Table 1, Figure  2 ). The protective effects of pentoxifylline have been investigated in aminoglycoside-induced nephrotoxicity, and renoprotective effects of pentoxifylline have been reported [6, 9] . Pentoxifylline also ameliorated amikacin-or gentamycin-induced histopathologic changes, especially those associated with tubular structures [12, 13, 16, 17] . The protective effects of pentoxifylline on kanamycin-induced tubular nephrotoxicity in this research might be a result of its stimulating the production of prostaglandin, a vasodilator, and of its improving microcirculation [9, 15] . Although the anti-inflammatory effects of pentoxifylline have been reported [9, 15] , these did not inhibit kanamycin-induced infiltration by interstitial MNCs in the present study (Table 1, Figure 2) . These results could indicate that the anti-inflammatory effects of pentoxifylline are not obvious and/or are dose dependent.
Statistically significantly changes (P < 0.05) were determined in the levels of creatinine, total protein, albumin, cholesterol, triglycerides, and total bilirubin in within-group comparisons (Table  2) . Aminoglycoside antibiotics might cause statistically significant differences within reference ranges in serum biochemical values in rodents [25] , while pentoxifylline did not show a dominant effect on these biochemical values in rodents [24] . In the current research, statistically determined changes in the damage markers of the kidney, liver, and bile duct [18] and in lipid metabolism values were within the reference ranges for rats [1, 4, 10, 18, 20, 23, 27] . These results might indicate that kanamycin and pentoxifylline have no undesirable effects on these functions in rats.
Statistically significant (P < 0.05) changes were determined in the WBC, RBC, platelet, hemoglobin, and hematocrit levels in the present research (Table  3) ; however, these changes were within the reference ranges for rats [10, 23] . These results might indicate that kanamycin and pentoxifylline have no undesirable effects on hemogram values that reflect bone marrow function [5, 19] in rats.
CONCLUSIONS
Repetitive administration of kanamycin increased RKW and lead to histopathological tubular degeneration, tubular dilatation, and changes in interstitial MNC infiltrate levels. Although administration of kanamycin together with pentoxifylline prevented tubular damage and tubular dilatation, it had no effect on the other parameters. The effects of kanamycin together with pentoxifylline on hematological and biochemical parameters remained within the reference ranges. Additional molecular studies using different doses and time intervals are necessary to determine the potential effects of pentoxifylline on kanamycin-induced nephrotoxicity. ILab-300 BioMérieux Diagnostics. Milan, Italy. 5 Shenzen Mindray Bio-Medical Electronics Co., Ltd. Shenzen, China. 6 IBM Corporation. Armonk, NY, USA.
